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Salvia genus belongs to the subfamily Nepetoideae of Mentheae tribe in Lamiaceae fam-
ily (1). Numerous species of the genus Salvia have been used since ancient times in folk
medicine and have been subjected to extensive pharmacognostic research intended to
identify biologically active compounds (2, 3). These species have been found to possess
significant biological activities, including antibacterial, antiviral, adstringent, antitumor,
spasmolytic, antioxidant, anti-inflammatory, antihydrotic activity and have been also used
in the treatment of mental, nervous and gastrointestinal conditions. Sage species are used
traditionally in foods and cosmetics preparation as well (2–5). There are several reports
in the literature on the phytochemical analysis of species belonging to Salvia. These sci-
entific studies on Salvia species show the presence of many compounds belonging mainly
to the groups of phenolic acids, phenolic glycosides, flavonoids, anthocyanins, couma-
rins, polysaccharides, sterols, terpenoids and essential oils (2, 6, 7). S. rhytidea (syn: S.
lalesarica RECH. f.) is spread wildly in western regions of Iran as well as in Afghanistan.
It is used in local folk medical practices. It generally grows in or near disturbed habitats
and is less commonly found in natural habitats. S. rhytidea has an altitudinal range from
2000–3800 m (8).
Although the chemical composition of essential oils from several Salvia species is well
studied (3–7, 9–19), to our best knowledge no research has been conducted on this Per-
sian sage so far. Therefore, the present paper gives a detailed analysis of its oil by GC/MS.
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Chemical composition of volatile compounds from Sal-
via rhytidea Benth. was analyzed, for the first time, by gas
chromatography/mass spectrometry. The volatiles were
isolated from dried aerial parts of the plant by hydrodi-
stillation. A total yield of 2.0 mg of essential oil per g of
plant dry mass was obtained and sixty compounds were
identified, representing 98.2% of total volatiles. The essen-
tial oil was characterized by a high content of hydrocarbon
and oxygenated monoterpenes. The main constituents
were p-cymene-8-ol (11.9%), spathulenol (7.3%), pulegone
(6.4%), sabinene (5.8%), terpinen-4-ol (5.5%) and -copae-
ne (5.3%).
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EXPERIMENTAL
Plant material
The aerial parts of S. rhytidea (Laminaceae) were collected during the flowering pe-
riod from wild-growing plants around Taftan Mountain in Sistan va Balouchestan prov-
ince, Eastern Iran, at an altitude of ca. 2500 m (spring 2000). The species was authenti-
cated in Herbarium Department of Iranian Research Institute of Forests and Rangelands,
Tehran, Iran.
Isolation of the essential oil
The air-dried, powdered aerial parts (flowers and leaves) of the plant were subjec-
ted to hydro-distillation in a Clevenger-type apparatus for 4 h (7). The volatile oil was
dried over anhydrous sodium sulfate and stored at 4 °C in the dark before analysis.
Volatile oil analysis
The oil was analyzed by GC/MS using a Hewlett Packard 6890 mass selective de-
tector coupled with a Hewlett Packard 6890 gas chromatograph (Hewlett Packard, USA),
equipped with a cross-linked 5% PH ME siloxane HP-5MS capillary column (30 m  0.25
mm, film thickness 0.25 m). Operating conditions were as follows: carrier gas, helium,
flow rate 2 mL min–1, column temperature 60–275 °C (4 °C min–1), injector temperature
280 °C, volume injected 0.1 L, split ratio 1:50. The MS operating parameters were as fol-
lows: ionization potential 70 eV, ion source temperature 200 °C, resolution 1000.
Identification of components in the oil was based on retention indices relative to n-
-alkanes and computer matching with the WILEY275.L library, as well as by comparison
of the fragmentation patterns of the mass spectra with those reported in the literature
(20–22). Relative percentage amounts of the separated compounds were calculated from
peak areas of the total ion chromatograms.
RESULTS AND DISCUSSION
The yield of essential oil obtained by hydro-distillation from dried plant material
was 0.2% (m/m). GC/MS analysis indicated the presence of more than sixty compounds,
out of which 60 were identified, accounting for 98.2% of total oil. Many of the unidenti-
fied compounds were present in trace amounts. In Table I the components are listed in
the order of elution. The major constituents of the oil were p-cymene-8-ol (11.9%), spa-
thulenol (7.3%), pulegone (6.4%), sabinene (5.8%), terpinen-4-ol (5.5%) and -copaene
(5.3%). Other components were present in amounts less than 5%. The oil was rich in hy-
drocarbon and oxygenated monoterpenes.
According to our literature surveys, p-cymene-8-ol, spathulenol, pulegone, sabine-
ne, terpinen-4-ol and -copaene were previously detected in other Salvia species (5, 7,
9–12, 15–19) or other taxa belonging to the Mentheae tribe, like Micromeria, Mentha and
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Nepeta species (23–25), but their predominance has not been recorded. Spathulenol, which
was found as a second major component of our oil, has been reported in the oils of sev-
eral sage species (7, 10, 15, 18). Pulegone, the third prominent component of the oil, has
been found in the essential oils of Salvia euphratica as well as Micromeria and Mentha spe-
cies from the same tribe (6, 24, 25). Sabinene, terpinen-4-ol and -copaene were also present
and common in the essential oils of several Salvia species (5, 10, 17–19).
The results obtained in this study indicated that the chemical pattern of the essen-
tial oil of the plant is very similar to some Salvia species but different from the others
with respect to traces of -thujene and -thujone found in this oil. Thujone has been
shown to cause brain damage and is responsible for the neurotoxicological properties of
some medicinal herbs (27).
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Table I. Composition of the essential oil of Salvia rhytidea Benth. (Persian sage)
Compound RI Content (%)
1 cis-3-hexenol 874 0.2
2 -Thujene 929 0.6
3 -Pinene 937 3.4
4 Camphene 950 0.2
5 Thuja-2,4(10)-diene 955 0.1
6 Sabinene 976 5.8
7 -Pinene 980 2.9
8 Myrcene 992 0.6
9 -Phellandrene 1006 0.3
10 -3-Carene 1011 0.4
11 -Terpinene 1017 0.3
12 p-Cymene 1026 2.4
13 Limonene 1031 3.5
14 1,8-Cineole 1033 1.9
15 trans--Ocimene 1046 0.1
16 -Terpinene 1057 0.5
17 cis-Sabinene hydrate 1069 1.1
18 Terpinolene 1087 3.9
19 p-Cymenene 1090 1.1
20 trans-Sabinene hydrate 1102 1.3
21 1,3,8-p -Menthatriene 1112 0.1
22 -Thujone 1118 0.1
23 p-Menth-2-en-1-ol 1124 0.6
24 trans-Sabinol 1141 1.7
25 trans-Verbenol 1147 1.6
26 Terpinen-4-ol 1182 5.5
27 p-Methyl-acetophenone 1187 0.8
28 p-Cymene-8-ol 1188 11.9
29 -Terpineol 1194 2.6
30 Myrtenol 1200 0.5
31 Piperitol 1211 0.3
32 trans-Carveol 1223 0.7
33 Pulegone 1243 6.4
34 Carvone 1248 0.7
CONCLUSIONS
The present study has elucidated the chemical composition of the essential oil of S.
rhytidea aerial parts for its possible use in foods, beverages and toiletry products.
This work shows that further investigations on the essential oil and evaluation of
the biological activities of S. rhytidea should be initiated. As a renewable bioresource,
this low-thujone and thujene content essential oil can serve as a good source of safe and
natural medicines and cosmetics with a traditional background.
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S A @ E T A K
Eteri~no ulje u perzijskoj kadulji, Salvia rhytidea Benth.
SEYED-EBRAHIM SAJJADI i ALIREZA GHANNADI
Po prvi put je ispitivan kemijski sastav hlapljivih komponenata iz biljke Salvia rhy-
tidea Benth. plinskom kromatografijom/masenom spektrometrijom. Hlapljivi sastojci su
izolirani iz osu{enih vr{nih dijelova biljke destilacijom vodenom parom. Dobiveno je 2,0
mg eteri~nog ulja po gramu suhe biljke, a identificirano je 60 spojeva (98,2% od ukupnih
hlapljivih komponenata). Eteri~no ulje sadr`i visoki udio ugljikovodi~nih i oksigenira-
nih monoterpena. Glavni sastojci su p-cimen-8-ol (11,9%), spatulenol (7,3%), pulegon (6,4%),
sabinen (5,8%), terpinen-4-ol (5,5%) i -kopaen (5,3%).
Klju~ne rije~i: Salvia rhytidea (Lamiaceae), eteri~no ulje, p-cimen-8-ol, spatulenol, pulegon
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